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I 0 INTROIJUCTION
It is the purpose of this report to discuss the behavior of
beams under moment gradient when loaded into the inelastic range. The
moment gradient on a beam will be defined as V, where
M is the moment and Z the distance measured along the length
dr1V =-
dZ
(1)
of the baaIno From elementary strength of materials, V is also the
shear force. The term moment ratio, f', will apply to the ratio of the
end-moments on a beamo The moments are of the same sign if the curvatures,
~, that they produce are of the same sign, and are taken such that ~
does not exceed one.
The in-plane_behavior of beams under moment gradient is well
known, both theoreticallr and experimentally2. This behavior is, however,
terminated by the effects of lateral and local buckling and much less is
Imown of this aspec'c of the problem. As these effects will determine
the deformation capacity of a beam, it is important that they be under-
stoodo
This report will present a study of the influence of lateral
and local buckling on the rotation capacity of inelastic steel beams
under moment gradiento
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IIo BASIC BEHAVIOR
3,4It has been shown elsewhere that the actual stress-strain
diagram for any location in a steel member is the discontinuous curve
given in Figo 10 This presents some difficulties when beams under uni-
form moment are being considered4, as the location of the discontinuous
jumps in strain within the uniform moment region cannot be defined a
~,
These strain jumps correspond to the formation of the 8111) ~)J~anes-) within
the materialo However in discussing the beam under Dloment gradient
there is no difficulty in defining the location of the slip planes, that
is, the yielded region of the beam~
The region in which yielding occurs is not only well defined
but it is also of limited extento Consider the simply-supported beam
under a central concentrated load, as shoWn in Fig. 2. Let Mps «Mp'
the plastic moment) be the moment at which slip planes form across the
flanges 0 When the central moment reaches l\s there will be (in the ideal
case) a jump in flange strain from yield to strain hardeningo This will
occur over the width of a yield plane which will be negligible relative
to the length of the beam, and therefore unobservable in external measure-
ments 0 Any further deformation of the beam can only occur if the cen-
tral moment increases above M ( Fig 0 2b) to a moment M 0 The length ofps 0
the yielded region 27:L, is then given by
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The maximum possible value of Mo is O-uZ, where ~ is the ultimate ten-
sile stress of the material and Z is the plastic modulus. If M =M =ps p
Z<t and ~ = ~ ay, where oy is the yield stress, it is seen that the
maximum value of ?: in Fig. 2 is 0.4. In reality, the moment (J"uZ will
never be attained as the large strains will cause prior failure due to
local buckling or tensile fracture.
The form of the load-deformation curve may be obtained by
assuming that Mps ~ ~\. The curvature diagram is then as shown in Fig.
20, where sand h are strain-hardening properties defined in Fig. 10
The angle of rotation, B, between the ends of the beam is the area of
this diagram and is
where
Yp=~EI (4)
This equation is plotted in Fig. 3 for s =11.5 and h = 33 (corresponding
5to A36). This curve is typical of those obtained from tests on beams
under moment gradientG Note (1) that the curve continues to increase
a1~ter yielding has occurred, in contrast to the beam under uniform mo-
ment4, (2) that the dominant te~ in Eq. 3 is the curvature jump term,
28, (3) that the curve is closely linear, and its slope is almost 1/28
times the elastic slope, and (4) that at MQ ... L5Mp the mid-span strains
are 204 times the strain hardening strain.
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III. REVIE1:~ OF PREVIOUS STUDIES
The elastic lateral buckling of beams under moment gradient
has been conclusively studieC16. Studies of inelastic lateral buckling
prior to 1956 have been summarized and extended by White?
vVhite assumed that the beam was composed of two materialso
Those portions of the beam subjected to moments less than O~915Mp were
assumed to possess elastic properties, and for moments above Oo915Mp
the properties were taken as the strain-hardened values. The value of
O.9l5I~ was chosen from a visual examination of some moment-curvature
Cllrveso The buckling solution was fOlU1d by the finite difference method,
with each of the two portions being divided into three segments. Solu-
tions for the cases of pure warping and pure Sto Venant torsion can ,lso
be obtained, as the characteristic v3Dles of a 4 x 4 matrix whose ele-
ments are Bessel functions and their derivativeso
8
vfuitets solution has been modified by Kusuda et al , and these
modifications form the basis of the' current AISC provisions(1)(13) for
the bracing of plastically designed steel beams o
Sawyer9 has recently experimentally investigated the behavior
of bemns in which the moment gradient was relatively higho These beams
were also tested at an undefined but appreciable strain rate, and it is
difficult to estimate the true significance of the results presented10•
The analytical work consists of evaluating certain rather arbitra~
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parameters from these results. Such an approach is not amenable to wider
applications.
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IV, LATERAL BUCKLING SOLUTIONS
White's finite differenoe approach? has certain disadvantages.
The necessary numerical solutions make it impossible to extend the cal~
culations to other steels and conditions, without undertaking complete
and lengt~ recalculations. It is, similarly, difficult to assess the
influence of var~ous parameters, and some inconsistencies can be noted
in the presented result~. In addition, the assumptions introduced by
Kusuda et a18, in order to present the solutions in a form suitable for
design purposes, tend, to obscure the relevancy or otherwise of the final
design rules. The same comments would apply to a solution based on the
matrix of Bessel functions. Finally, it is difficult to introduce the
effect of local buckling into these analyses. This is a serious difficulty
as local, and not lateral buckling will be the cause of failure in. most
cases. This makes any elaborate lateral buckling analysis rather un-
realistic.
For these reasons, this report will present an analysis based
on certain simplified assumptions. These will lead to a result which
is capable of easy algebraic manipulation, and which indicates the sig-
nificance of the various parameters involved. Because of the assumptions
involved, the analysis is not exact, but it will provide a sufficiently
close estimate of actual conditions.
Firstly, it is necessary to define the moment MPs at which slip
planes occur. The following analysis will use the beam-lnodel postulated
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3.4
by the authors in previous reports This considers the compression
half of the beam to act as an isolated T column (Fig. 4). To be con-
sistent with this model, MPs will be taken as the moment at which the
yield strain is reached at the interior face of the flanges (that is,
the flanges are fully yielded). It can easily be .shown that, under this
assumption,
Mps = 1
Mp
1 1
3 1 + 4bt(d-t)
w( d-2t') 2
(5)
where band d are the beam breadth and depth, t is the flange thickness
and w the web thickness. The value of Yips frOTIl Eq• .5 averages 0.94 for
-~ .
P\v~ beam sections and this value will be taken for Mps/M in the following~ p
work. It is higher than the corresponding value used by White (0.915)0
If the beam-modeluis used, it is necessary to consider that
yielding occurs when the moment exceeds O.9LMp, and that the ~~ial force
varies from zero at zero moment to A~/2 at Mp , where A is the cross-
sectional area. However, White? has shown that the influence of moment
variation on lateral. buckling is smal]_ relative to the influence of the
extent of yielding. Therefore the fol]~o'WinganalysiswilJ.. assurne that
the force on the compression T of the model remains constant at Ar;;/2.
This will be conservative in the regions where M<1~ and unconservative
when M>~. The latter region is small relative to the former, and so
the assumption that the force is A(ry/2 may be regarded as conservative.
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The problem to be solved is shown in Fig. S. No end restraint
is considered at the yielded end of the beam; the end restraint at the
elastic end is expressed in terms of the length and stiffness of the
span under consideration. The buckling solution to this problem is given
in Reference 11 as
slenderness factor of the beam, defined by
(6)br. ;"7r'tIre
tan ~iT (1- 't)
II = .ffi. 1:- (7)7r ~
where 6 y is the yield strain and r y the weak ~i~ f;i.d1.p.a of gyration.
where c is the ratio of the lateral bending stiffness in the yielded
region to its value in the elastic region. SEIyy/L is the stiffness of
the span adjacent to the elastic end of the beam. 11 is the lateral
The value of c to be used is a consequence of the formation of
flexural yield planes4 and is given4 by cb where
2
cb = (8)
h+ffl
It is assumed that h • 33 for A36 steel and 45 for A441.
The graphical solution of Eqo (6) is shown in Fig. 6 for three
typical end-restraint values of S = 0, 3 and 6. A beam of a given slender-
ness factor, ~, will therefore buckle laterally when the yielded portion
of its length, ~ L, reaches the value given in Fig. 6. This yielded
portion can then be found as those portions of the beam in which the bending
moment exceeds I1pso It is noted that the predictions of Fig 0 6 are conservativeo
297.12
v. LOCAL BUCKLING
-9-
As the yielded zone is ooncentrated into a restricted region,
');fL, local buckling is very likely' to ooour12• The probl'.'oriers some
interesting comparisons with the same problem tor a beam under uniform
moment4• Wh~n the beam is under moment gradient the local buckling
criterion is the progres$ion or 71eld1ng along the length of the beam,
whereas tor uniform moment it is the attainment or strain-hard·ening
strains across the half-tlange12•.
The halt wave length of a local buckle w• ., given in Reference
12 8S 1, where
and where At • bt and Aw • (d-2t)w. The derivation of Eq. (9) assumed
that the section meets the definition or a compaot section12,13,,:w1th
respect to local buckling. This means that the seotion will not looal
buckle until it is fullY' yielded. For a beam under moment' gradient, one
end of the yielded region will be adjaoent to the relativeiy stitt
elastio portion and the other end will be adjaoent to the load point or
oonnection. These will provide.relative11 stitt end restraints and the
local buokle will then require the full· wave length in wh1~h to,form.
The distinctioR between this situation and the uniform Moment case' is
shoWll 1ft Fig. 7. Theretore:the criterion to be applied here will be
that 100a1 buckling occurs when·· the yielded length equals the .full
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length of the local buckle, that is, from IDq. 9, when
(11 )
where ~LbL is the yielded length associated with local buckling. and
from Eq. (7)
Using the typical valuel2 of 1 = 1.2b, and b = 25 ry, gives
(12)
This equation is plotted in Fig. 6 for A36 steel and A44l steel (ey ::;
.00122 and .00169 respectively).
Fig. 6 illustrates that for practical cases, failure will be
initiated by local buc}{ling. In all the cases shown lateral buckling
requires larger yielded regions than local buckling. Thus local buck-
ling will be critical.
Now the lateral buckling curves in Fig~ 6 are based on a beam-
model which completely neglects the St. Venant torsional resistance4
and assumes a uniform compressive force of A~/2. These assumptions
mean that Fig. 6 will conservatively estimate the lateral buckling
strength of inelastic beams. However, even in this case, Fig. 6 still
shows that local buckling, and not lateral buckling, will be the cause
of failure. Thus the conservative assumptions used in obtaining the
lateral buckling curves in Fig. 6 are not of importance, and further
297.12 -lJ.-
studies of the behavior of beams under moment gradient must concentrate
on the effect of local buckling.
Experimental confirmation of these statements has reoently
been given by AugustiI4 WhO tested beams under moment gradient with L/ry
between 100 and 200 ( ~ between 1 and 2). The·beams were constructed
in the laboratory with dimensions such that local buckling would not
~~
occur under normal conditions. Under these conditions the beams were
able to reach Np and deliver a relatively large amount of deformation
at this moment, although their slenderness ratios were in excess· of the
range plotted in Fig. ,.
Tests to be described later will further support the thesis
that local buckling is the critical phenomenon in beams under moment
gradient.
{} This choice of sections follows previous practice of the Cambridge
research group2.
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VI. NECESSARY SUPPORT SPACING
The present AlSC provision1,13 for the spacing of lateral
supports in A36 beams under moment gradient is
L/r = 60 - 40 f ~ 35y (13)
This equation is now $een to have little relevance, and has never possessed
· t 1 · tIft t' 8any exper1men a JUS ~ ~ca lon •
The neceSS3lj' support spacing must be sufficient to allow the
plastic moment, MP' to be maintained until ,local buckling occurs. There
is no point in bracing for deformations larger than this. Augusti's
experiments14 indicate that, with normal end restraints, this support
spacing will be quite large.
Now it is known that lateral buckling is critical for a beam
under uniform moment. Therefore it is necessary to guard against the
possibility of a braced span being subjected to this loading. The AISC
Specifications13 have used the following rule
L ~ 13b (14)
to ensure ~~~}~ is attained in a span. This rule is based on tests15
on A36 beams under uniform moment.
, . 4
The authors have shown elsewhere that the relation between
the unbraced length of a beam and the rotation capacity, R, that it
will deliver is given by
297.12
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! - /~ -;;:::==,=+0='7=;::::1'R.-:;:=
s::r
where R is defined as the ratio of the rotation which occurs at the
(15)
moment ~ to the elastic rotation corresponding to Mp • The factor k is
the lateral effective length factor of the unbraced span. If it is
assumed that the beam should be able to carry ~ for a rotation equal
to t~e elastic rotation (R =1), then Eq. (15) becomes
k 1\ f= 0.55 (A36) (16)
= 0.49 (A441)
The value of k can also be evaluated4. The resulting unsupported L/ry
values are given in the following Table.
UNSUPPORTED LENGTHS
Simply Supported Beam Continuous Beam
-
k 0 0 70 0054
~-
A36 70ry 90r y
A441 55r y 70ry
It should be pointed out that the unsupported lengths in the
above Table are not based on the late~al buckling of a beam under moment
gradient. They are based, rather, on guarding against the possibility
of the beam being subjected to uniform moment. If the aboye provisions
were adopted there would be a rotation capacity of one before unloading
occurred.
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In an earlier report16 the authors discussed the dimensional
requirements for braces. Although these provisions were derived directly
for a beam under uniform moment, it was shown that they could be con-
servatively applied to a beam under moment gradient. These provisions
will not be further discussed in this report.
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VII • It"'AILURE CRITERIA
The yielded portion of a beam span,CZ:L, can be found from
the beam bending moment diagram. The value of 't. L to cause local
buckling is known and hence the applied load at local buckling may be
found. This gives the point on the load-deformation curve of the beam
at which local buckling will occur. Now there is no proven reason why
local buokling in a cross-section will cause unloading of the member.
In light-gage sections post~local buckling strength is utilized in design,
and there is experimental evidence17 that it also exists in at least
some wide-flange sections. However there is also experimental evidence3,18
that a combination of local and lateral buckling together will result
in large out-of-plane deformations and consequent unloading of a roam.
bar. This unloading due to out-of-plane deformations will be ass~ed
to represent failure of the member.
Consider a beam under moment gradient whioh has a local buckle
in the in-plane condition $ Both halves of the compression flange parti-
cipate in the local buckle. When lateral deflections occur the half-
flange which undergoes bending compression will be inactive due to the
local buckle, whereas the other half-flange will behave in a manner which
is very similar to that of a non-locally buckled flange. The bending
stiffness of such a flange is cb(E~) and so the bending stiffness of
a half-flange is approximated by Cb(Ely)/23• When this value is sub-
stituted in Eq. (6) a curve is obtained for lateral buckling after a
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local buckle has occurred. This curve is plotted in Fig. 7, together
with the local buckling curve from Fig. 5 and Eq. (12). It can be seen
that the beam is now considerably weakened and lateral buckling will
occur. The difference between the two curves is sufficiently great to
avoid any necessity for refining the value of' cb/8 used in the calcula-
tions.
Thus it may be concluded that local buckling in a beam under
moment gradient will lead to lateral buckling, and that these two effects
in combination will probably cause unloading of the applied moment.
It is possible that the br~cing might be spaced so as to
prevent this post-local bucl{le lateral buckling, and thus gain further
rotation capacity. However there are two objections to this approach.
Firstly, it can be seen from Fig. 7 that the braoing would need to be
very close and, secondly, the post..local-buckling strength of wide.,' flange
members is not yet well understood.
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VIII. ROTATIONS AND ROTATION CAPACITY
In plastic design the b~am hinge is assumed to occur at a
point location on the ZZ axis of a beam, and all rotations are assumed
to occur at this point. The preceding portions of this report have
indicated that this assumption is not ve~ far removed from reality when
beams under moment gradient are being considered. Yielding will occur
over a length, rrLb' which is independent of the span of the beam and
the moment gradient. It was shown in Section II that most of the ro-
tation that occurs in a yielded beam will be a result of the curvature
jwnp effect (2( s ..l) tE.y/d)· occurring in the yielded portion.
In the following discussion, the rotation Sa, over the yielded
length and due to the ourvature jump, will be ca~led the hinge rotation.
It is actually the rotation across the yielded portion, and neglects
the additional rotation due to the curvature increasing with moment at
the strain-hardening modulus. The hinge rotation will be less than the
relative rotation of the ends of the beam by an amount equal to the.
elastic rotation before yielding, and further elastic deformations caused
by the increase in moment due to strain-hardening. The definition of
8H is .illustrated in Fig. 9.
Now, the fact that ~LbL is independent of span length and mo-
ment gradient, means that ~ will be similarly independent. ·.It there-
fore becomes misleading to use the rotation capacity symbolisIn, as the
denominator of the rotation capacity ratio will va~ with span and
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loading. The following work will consider only the absolute hinge
Under the above assumptions, the hinge angle is given by
(17)
where (~L) is defined in Fig. 9, and the subscripts Land R refer to
the portions to the left and right of the maximum moment, respectively.
Unloading will occur when one of the (~L)'s reaches the local buck-
ling value givan by Eq. 10. This will be the value under the smaller
moment gradient and the sum-may then be given by using Eq. 10 and Fig. 9 as
(18)
plastically designed structureso
tiOll properties, and bending moment diagram. The fact that QH can be
readily determined will be useful in checking rotation capacities of
(19)fyAw b ( vt):;:: 2.. 8f VJ A' -, 1+-+ cL V2-
where VI "V2 (Le" VI = VL, V2 =VR' if VL <... VR; and vice versa) and
substituting in Eqo 17 gives
~or an A36 lOWF25 section, this predicts that the inelastic hinge angle
is 0,070 radian if VI =V2, . It can be seen that Eq, (19) shows that
the hinge angle is a simple' function of- the material properties, sec-
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IX. LIMITS O:F' TI1E ROTATIO~r ANALYSIS
The beam lll1der moment g!'adient behaves in a considerably
different manner than the beam lli~der unifonn moment~ For example, it
was shown in Section VIII that an A36 10'&25 beam can be expected to
deliver a hinge rotation of 00070 radian, and Section VI showed that
the required support spacing with elastic adjacent spans was 90ry •
Now it can be shown4 that the same bean vJould need a spacing of 57ry
to achieve the same hinge angle under u.nif·orm moment.
The difference between the two cases arises from the fact
that the yielded regions of a beam under moment gradient are in a
relatively non-critical location (at the end of the span) and therefore
lateral buckling is less likely to occur than in a beam under uniform
moment with a uniform distribution of yieldingo It is therefore necessa~
to ensure that the moment gradient equations are not used in the more
critical uniform moment case. To achieve this, it is proposed that
the smaller of the two end moments does not exceed O.7My , the moment
at which yielding would occur with the standard19 residual stress
pattern. Thus the maximum value of f over a span would be 0.7If or
about 0.65. For f greater than this the beam should be considered to
be under uniform moment4.
There is a similar limit to the moment Mo, at the center of
the beam. In order to limit strains, this will be arbitrarily restricted
to a moment of ! (~ + J_) M (for A36 steel th~s would be about 1.4~).
2 v y P
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(20)
Consequently, if V exceeds a certain limit of V , say, then it will not
m
be possible for the wavelength of the local buckle to yield as the mo-
ment gradient will be too high. The value of Vm can be found, then,
~~ .~
M - lLs .-
o 1J 2lLBL
and so from Eqs. (5) and (12),
(21)
1
An upper limit will also be placed on V by the shear stresses •
This limit is well known to be
(22)
(23)
"
However, when the ratio of the two limiting V values in Eqs. (21) & (2t)
is taken, it is found that Vm will always be the smaller and therefore
the more critical limit. (For most rolled sections 0-/0: would need
u Y
to approach two for the shear stress limit to be critical).
If V exceeds Vm, then it is obvious from the derivation in
Section VIIJ that
\ I \ J • {}H 12 ~''&. 1:. t (VM \IVV')
\f \ , v:2. '> V'fr\ • 6 ) = 2, d~ w JIt cl V + V$-1 €j ~ I ~
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x. COMPARISON 1tJITH TEST RESULTS
Of all the tests that have been conducted on beams under
moment gradient2, relatively few ca.n be used to confirrn either the ro-
tation predictions or the bracing predictions of this chapter. It is
interesting to consider the reason for this. The tes~ results obtained
were all simiJ..ar in forrn. to Fig. 3, but the large majoritJr of tests
were stopped befnre unloading occurred. This stoppage was because the
deflections of the deformed beams exceeded either the available machine
clearances or the experimenter's opinion of the useful deformation
range of the beam.
It i~ worth noting here that this may be an indication that
beams und~r moment gradient will deliver rotations greater than would
frequently seem nece,ssary.
The comparisons between test and theory are given in Table I.
The basic comparison made is between the hinge angle predictions and
measurements~ \~en rotations were not measured, they have been estimated
as
(24)
where ~H is the hinge deflection, and LL and 1.R are the lengths of
beam between hinge and support (Fig. 9). The support spacing is a~so
given in the Table. Only those tests which meet the limits of Eq. 21,
and in which a definite decrease in load capacity was noted, are
recorded in Table I.
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Seventeen tests are tabulated and of these fourteen. had hinge
rotati:o:,'~·_s greater than the lOller bound predictions of Eq. 19. In the
fi.rst eight tests in the Table there is reasonable agreement between
test and theory; however, four of the tests from Ref. 9 showed hinge
rotations close to twice the predicted amount. It is very likely that
, "
this is due to the rapid loading rate used in those tests. It has been
. pointed out elsewherelO that this can lead to an apparent strengthening
of a member. The effect is dependent on the strain rate (which was
not recorded in Ref. 9 except to note that the tests ,took between 005
to 1.5 hr o It is noted that the tests Gl, 2 and 5 in Table I took
approximately 8 hr.).
Three tests showed hinge angles less than the predicted value.
In test 05 local buckling occurred in only one span 'in such a manner
that little yielding took place in the other span. Hence V1/V2 <. 1 should
have been used in Eq. "190 The effect was probably caused by some
initial structural imperfection. The same effect probably accounts for
the 27% underprediction,for test LB5 (Ref. 8). It is difficult to ex-
plain the behavior of teat 18 from Ref. 9 except to note that the d/w
value was high, and the shear local buckling may have occurred. Unfor-
tunately Sawyer gives no indication of the mode of failure and describes
the test only" as being trivial" because Mo was less than 1),.
The Vm reduction was applied in two tests (HT28, HT43) and
in each case reduced the initial prediction of 0.084 to results which
were conservative estimates of the actual behavior.
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With regard to bracing, it can be seen that the tests in Table
I were all too closely braced to give any definitive information on the
usefulness of Eq. (16). The very interesting tests of Augusti14 were
discussed earlier in Section V, however there is obviously a need for
tests on more slender beams of realistic proportions in order to con~irrn
the conclusions of Section V.
Therefore, similar conclusions can be reached with respect to
both the hinge angle and the bracing spacing. In each case the theory
is adequate as a lower bound for the tests conducted, but the tests
cannot be considered to delineate the range of validity of the theori~8,
particularly the bracing theo~.
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This chapter has examined the behavior of beams under moment
gradient. It has been shown that they behave very much as assumed in
simple plastic theory. However, the existing analysis is based on lateral
buckling considerations, whereas this chapter has shown that local buck-
line will be the predominant effect. Hence it has been necessary to sug-
gest ohanges in the existing provisions. For a large range of support
spacing, a theory based on local buckling has been used to show that .
the hinge angle which can be delivered is constant, and a simple lower
bound expression has been presented (Eq. (19). Test results confirm
the lower bound nature of the hinge angle theory, but there. is an <?bvious
need for further tests to define the limits within which the theo~ is
applicable.
It has been shown that high shear forces in inelastic beams
may have effects other than those previously considered. A prime conse-
quence of high shear forces is to red~ce the rotation capacity of the
beam.
· ~
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XIII. NOMENCLATURE
b breadth of beam
Cb ratio of fully yielded lateral stiffness of a beam to
the corresponding elastic value
d
f
h
k
1
r y
B
t
w
z
A
, , At
~
E
I
L
M
~s
}\J
depth of beam
shape factor
ratio of Young's modulus to strain hardening modulus
effective 'length factor
half wavelength of local buckle
weak axis radius of gyration
ratio of strain at strain hardening to yield strain
flange thickness
web thickness
length along beam
cross-sectional~area
bt
(d-2t)w
Young I S modulus
moment of,inerti.
unsupported length
moment
moment at whioh flange yields
plastic moment
297.12
1\11
o
It
v
V
m
z
&:H
E y
f
1\
~
~b
e
maximum moment in a beam
rotation capacity
moment gradient (shear)
maximum permissable shear force
plastic modulus
deflection at a hinge
yield strain
moment rat:J.o
slenderness factor (Eq. (7»)
ratio of yielded length of beam to total length
value of 1:: at locaJ.~ buckling,
beam rotation
hinge rotation
ultimate stress
yield stress
curvature
-27-
297.12
XIV, TABLES AND FIGUItES
...
-28-
TABLE -~ N
\.0
'-J
BEAM TEST-S UNDER MOMENT GRADIENT t--l
N
I
N
\.0
I
(2) d/w = 58(1) Effectlve V1/Vz< 1 due to unsymmetrical yielding about load point
Adja- Yield V e" .
Source Test ?\ V Iv cent Section Stress p m H
. .1 L_ ··Span --- .. ---.. .. ksi Vr -- ,"Theory Test
Ref. 8 LB 5 0.55 0.6 Yes 10WF21 3B 0.39 1 0.060 0.082
Ref. 8 LB 6 .44 .75 Yes lOWF31 38 .71 .066 .13
Fritz Lab. G 1 .56 1 Yes 10B15 42 .5 .057 .064Unreported
Fritz Lab. G 2 .67 1 Yes lOB 15 42 .5 .057 .058Unrep0t::t;ed
Fritz Lab. G S .67 1 "Yes lORIS 42 0 .057 .044(1)Unreported
Ref. 20 T 5 .67 1 No 14WF38 36 0 .059 .071
Ref. 21 1 .36 1 No SIlO 36 0 .074 .095
Ref. 18 HT 28 .21 1 No 8B13 54 0 0.-61 .052 .074
Ref. 18 HT 43 .14 1 No 8Bl3 54 0 .40 .034 .039
Ref. 18 HT 52 .95 1 No BB13 54 0 1 .084 .. 086
Ref_ 9 5 .30 1 No 8WF20 41 0 .091 .162
Ref. 9 6 .41 1 No 8WF20 41 0 .091 .168
Ref. 9 9 .38 1 No 5WF16 41.6 0 .142 .37
Ref. 9 12 .43 1 No lOB19 38 0 .051 .10
:r "":>V0"~
Ref. 9 '-' 15 .41 1 No 12WF31 38.8 0 .072 .13I
. !
•026 {2~;Ref. 9 J 18 .53 1 No 12B14 33 0 1 .050
I (
Ref. 9 1 21 .3"8 1 No 8WF31 41.2 0 .141 .161 ~ ~;1,:1
• -
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STRESS
Ey SEy
STRAIN
Fig. 1 Discontinuous stress-strain curve
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(0)
LOADING CASE
M~~ --1 ~
2TL
(b)
BENDING MOMENTS
(c)
CURVATURE DIAGRAM
\.
Fig. 2 Beam under moment gradient
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ROTATION
Fig. 3 Load~rotation ourve for a beam under
moment gradient
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Fig. 4 Lateral buckling model
297.12
-
L
Spring Constant
EIyys-L
Fig. 5 Statement of' problem
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1.00.8
Cb= .0517
Solid Curves: Lateral BucklinQ
Dashed Curves: Local BucklinQ
0.60.40.2o
1.0
0.8
0.4
0.2
T
PROPORTION
YIELDED 0.6
A
SLENDERNESS FACTOR
Fig. 6 Buckling of a partially yielded beam
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Whole Flange in
Yielded Condition
a) LOCAL BUCKLE UNDER
UNIFORM MOMENT
Full Wovelen th
Elastic
b) LOCAL BUCKLE UN DER
MOMENT GRADIENT
Fig. 7 Local buckling conditions
Connection
or
Load Point
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0.6
1.00.80.60.4
Local Buckling, Eq. 12
(A36)
0.2o
0.2 Lateral
Buckling
After Locol
Buckle
T
PROPORTION
YIELDED 0.4
A
SLENDERNESS FACTOR
Fig. 8 Lateral buckling after local buckling
297.12
yielded
b) Bending
Moments
c) Deformed
Shape
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Fig. 9 Behavior of a beam under moment gradient
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